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HRITINE O GREGORE
Dirgcior

STATE OF WASHINGTON
DEPARTMENT OF ECOLOGY

7171 Cleanwater Lape, Building 8 LH-14 e Olympia. Washingten 98504

 Tuly 18, 1990

TO:  -Dick-Cunnis

SN

FROM:  David Hallock

SUBJECT: Results of the 1990 Water Quality Index Analysis

This memo describes the Water Quality Index (WQI), records the procedures used o
produce the-1990 WQI and presents. the results of the analysis.

Introduction-

data collected by the Ambient Monitoring Section (AMS) of Environmental
Investigations and Laboratory Services (EILS); however, data collected by USGS,
METRO, and USBR were also used in the 1990 analysis. Scores are determined by
comparing measured values to specified criteria. Criteria were deveéloped by a national
study group and modified to better evaluate Washington's water quality. In general; the
criteria are based on Washington State Water Quality Standards for Class A waters, The

following variables were included in the 1990 WQI |

The WQI is a unitless number, ranging from 0 to 100, which is derived primarily from

Temperature. .~ 2. Oxygen

Bacteria.. . .~ 4 pH
Turbidity. ...~ 6. Nutrients (NandP) .~ -
Suspended Sediment 8. Ammionia Toxicity ~

o P b
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For marine stations, only the first five variables were included.

The higher the WQI the worse the water quality. For the first four variables above, an

index below 20 implies compliance with state Class A standards. For the other variables, - ,
state standards do not exist or are not compatible with the WQI analysis.. In general, -
scores between 0 and 20 meet the goals of the Federal Water Pollution Control Act, . f
scores between 20 and 60 are considered rmarginal, and scores over 60 are unacceptable. '
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The WQI is produced for each variable by a computer program developed by Ray
Peterson, EPA, Region X. WQIs are determined by converting raw data to an index
score based on the criteria curve for that variable. The computer program then
calculates a monthly WQI by averaging the data for each month in the peripd selected.
For example, for a three-year period the January WQI would be an average of three
Januarys, A monthly overall WQI is calculated by averaging the monthly WQI for each

e

variable with a penalty applied for values over 20, excluding turbidity. The final WQI
for a given variable is the average of the WQTI's for the highest three consecutive months.
The final overall WQI is the average of the highest three consecutive months of the

monthly overall WQIL

The analyst can determine the variables 16 be evaluated, the number of years to include
in the index, the criteria curve for each variable, and the weight of each variable in the
overall WQI, The analyst can also use different criteria curves for different sedsons.

For the 1990.analysis, "current" stations had at least one sample per quarter for four -
consecutive quarters (three consecutive quaiters for marine stations) collected any time
in the three water years (WY) prior to the analysis (WY 1990). This thiree-year average
masks anomalies in the data set and the effects of low- or high-water years but may also
‘mask actual changes in water quality. The 1988 WQI analysis ised five years for current
stations but I felt that thres years would provide a more accurate assessment of current

" conditions. "Historic" stations were those with sufficient data'in the five years preceding
the current period (WY 1982 through 1986). Those stations whére no data has been”
collected since WY 1981 are not included in the 1990 WQI. Historic station. WQF's
should be used with caution because of possible changes since those stations were
sampled last. Monitoring data from USGS, USBR, and METRO were used where
available. If data from both Ecology and another agency were available; the data was
aggregated from both data sets prior to running the analysis. ~

I used the same criteria curve for a given variable as was used in the 1988 analysis. The
actual curves used are available on request. Most variables have several criteria curves
_ (for example, one for cold water, one for warm water, one for spawning and rearing,
etc) In general, only the cold water curve corresponds to state standards.

All variables were weighted equally in determining the overall WQL ‘Thatis,
‘temperature, for example, was not considered more important than turbidity. Nutrients
‘and suspended sedimerit were compared to more stringent standards from June through

October and less stringent standards from November through May. Some streams were

| R

(= B (A




Dick Cynningham
July 18, 1990
Page 3

desxgnated as glaczal" Whl(;h set thc maxxmum WQI for turbldzty and suspcnded
sediment at 25, o .

There is great

' ing any index. The folIowmg pomts should be
considered carcfuily before 1r .

terpreting the WOI

| 1. An index grcater than 20 for tempcrature, oxygt:n, bactcna, ar pH 1nd1cates water
quality exceeded state standdrds at least once and probably several times.
Criteria for othcr variables are not based on standards, o

2. Because thc WQI is the avgrage cf the h;ghcst three conse,cutwg momhs, the
index may be below 20 even though violations of standards occurred.’ Similarly,
violations may be masked because the monthly index is an average for the penod

: evaluated

3. The current statlon WQI’s afé, most cases, _based on three years of data. The
WQI’s do not, th ef cate water quallty for any gwen year. The
~ degradation (or ) of WY 1989 may not be reflected in
 the 1990 WQL For this 1 ason, trends should not bé inferred from successive’
WQI's without testing against. raw d’j a In addition, a trend analysm based on
WOQI may be biased because of changes in the procedures used to determiie the
WwQl (standards changes, use of dlfferent culves dxfferent penods of analysxs,

L etc)

4 ”::The overall WQI is not a sunple mean but mcludes a penalty factor for WQI’s
greater than 20 (excluding turbldzty) _ _

S.  The WQI is based on data from a single station and in many cases may not be
representative of an entire stream. Caution should be used in exttapolatmg the

_mdex to entue basms or sub-basms

Resu];s |

The rcsu]ts of the 1990 Water Quahty Index analyms are presented in the aftached
tables. . Table 1 contains the WQI sorted by Water Body Tracking System Number
(WBTS). “Table 2 contains the WQI sorted by Department of Ecology Region and sub-
sorted by Ambient Monitoring Station number: In these first two tables, the
app:oxlmate area assessed by a particular station is indicated by the segment size (miles

B RS P
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for freshwater stations and square miles for marine stations), Whether or not a station
was considered water quality limited in the 1988 305(b) report is indicated in the "WQL
in 1988" column, "Comments and possible sources of WQIs greater than 20" is based
largely on remarks from Ecology's regional offices. Table 3 contains a listing of the ten
stations in the state with the highest WQI (lowest water quality) for each variable. -

The South Fork of the Palouse River in Pullman (34B110) had the highest water quality
index in the state (WQI=100), unchanged from the 1988 report. This score, the highest
possible, resulted from high bacteria and especially high nutrients. With the exception of
turbidity, this station was not on the "worst ten" list for any other variable.

The two Mill Creek (King County) stations had nearly as high a WQI score as the South
Fork of the Palouse River, resulting primarily from low dissolved oxygen levels, high
fecal coliform bacteria, and high nutrients.  These results, from stations at river miles 3.1
and 4.7, indicate significant problems in the lower reaches of Mill Creek. ~

The 1990 WQI indicated low oxygen problems at more stations than any other variable
with oxygen WQP's greater than 20, all but six

’ , an average epths sampled (usually 0, 10,

 and 30 meters), and does not compensate, for the possibility of naturally low oxygen
below, the photic zone. (Note, however, that the Water Quality Standards for dissolved

s make no reference fo depth) © .

Besides oxygen, bacteria and temperature had the most stations with scores greater than
or equal to 20 (42 and 40, respectively). In other words, high fecal coliform bacteria and
high temperatures were the factors most often responsible for the failure of a station to
meet the goals of the Federal Water Pollution Control Act. The total number of
stations evaluated was 177. ST R e
Recommiendations
1. The consistent poor water quality in the South Fork of the Palouse River in
Pullman has been discussed in a receiving water survey by Joy (1987). The
Aimbient Monitoring Section should consider adding stations to its rotating
_ network based on the results of that survey. One possible station is Paradise
 Creek, the receiving water for the Moscow, Idaho WWTP which Joy identified as
" fhe most significant source'of nuirients to The upstream reach of the South Fork.

-
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2. Adjustmg oxygen. water quality standards and WQI criteria to account for thc
effect of depth in marine systems on dissolved oxygen concentranons should be

consldel ed.

3. Future WQI repons should discuss the meteoxoiogica} charactensncs of the water
years included in the analysis of "current" stations. This is partlculaxly important
when only thrée years of data aré vsed, WHheiher these years were drier or

wetter, or wa:mer or colder than normal will influence the results of the WQI

4, The criteria curves used i in the WQI were developed more than 10 years ago
without documentation.  These curves need to be re-evaluated. In addition,”
consideration should be given for using different curves in different ecoregions
(Omernik and Gallant 1986). It is not practical to compare a stream like the
Walla Walla River to the same standards as the Nisqually River.:

Re fgrgnQ' S

Joy, J. 1987. A water quahty assessment and recelvmg water survey of the South
Fork of the Palouse River at Pullman, September 1986, Wash, Dept. of
Ecology, Water Quality Investlgatlons Section report, Olympia, WA. 40 pp.

Omexmk, J. M. and A. L. Gallant. 1986, Ecoregions of the Pacific Northwest. USEPA.
publication, EPA/600/3- -86/033, Enwronmental Research Laboratory, Corvalhs,

OR. 39 pp.
DH:sk |
cc: Lynn Singleton - Bob Barwin, CRo |
Brad Hopkins =~~~ Carl Nuechterlein, ERO -
Fric Seablum. Bill Bachous, SWRO

Steve Saunders John Glynn, NWRO
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‘Table 3. The ten stations receiving the highest Water Quality Index
(1nd1catmg low water quahty) for each category.

Station Ecology Eco-

Number Current  Station Name Region Class Region WQI

Temperature :

*32A070 C  Walla Walla R nr Touchet E A 7 45

*32B070 C  Touchet R @ Touchet E A 7 42

*37A090 C Yakima R @ Kiona Cc A 7 38

41B071 C Winchester Wasteway @ Gage E A7 37

41A070 C Crab Cr nr Beverly E B 7 34

33A050 C Snake R @ Burbank E A 7 32

41A101 C Crab Creek @ McMannon Road E B 7 31

*57A190 C  Spokane R nr Post Fails E A 7 31

*56A070 C Hangman Cr @ Mouth E A 7 3

*49A190 C QOkanogan R @ Oroville C A 7 31

Oxygen _

 09EQ70 C  Mill Creek @ Orillia N A 2 86

09G071 C Springbrook Cr. @ N. end Longacres N A 2 70

*HCB004 C Hood Canal at Sisters Point S AA A 64

09E090 C Mill Creek - Kent on W Valley Hwy N A 2 61

PSS008 C . Pt Gardner Bay at Pier 3 N B A 54

*HCB003 C Hood Canal at Eldon S AA B 54

*HCB002 C Hood Canal at Pulali Point N AA A 54 :
SUZ001 C Port Susan at Kayak Point N A A 46 L
PSSG15 C  Snohomish R at Highway 99 Brdg N A A 46 &
PSS020 C  Ebey Slough near Marysville N A A a3 ;
pH !

PSS015 C Snohomish R at Highway 99 Brdg N A A 34

PSS020 C Ebey Slough near Marysville N A A 31 1
*32B070 C Touchet R @ Touchet E A 7 29 T
*32A070 C Walla Walla R nr Touchet E A 7 29 c
*56A070 C Hangman Cr @ Mouth B A 7 27

45A070 C Wenatchee R @ Wenatchee C A 7 27

*34A070 C Palouse R @ Hooper E B 7. 26

41A070 C Crab Cr nr Beverly E B 7 25

49A190 C Okanogan R @ Oroville C A 7 24 A
08B110 C Sammamish R @ Redmond N AA 2 23 s

* Indicates stations that were in the top ten in the same category in the 1988 WQL.
Ecoregion is based on Omernik and Gallant (1986). '



Table 3. Continued.

Station , Ecology  Eco-
Number Current  Station Name Region

Class Region WQI

Bacteria _
*34B110 C SF Palouse R @ Pullman E A 7 76
09EQ90 C  Mill Creek - Kent on W Valley Hwy N A 2 60
24B130 C Willapa R @ Lebam S A 1 59
*GYS006 H Grays Hbr at E End Rennie Is. S B A 57
01D070 C Sumas R ar H_untingdon BC N A 2 - 50
08B070 C Sammamish R @ Bothell N AA 2 46
*P§S008 C Pt Gardner Bay at Pier 3 N B A 4
09A060 C Duwamish R @ Allentown Br N B 2 37
*ELBOI0 C Duwamish Waterway @ 16th St BI N B A 35
Nutrients _ - '
*34B110 C  SF Palouse R @ Pullman E A 7 100
09E070 C Mill Creek @ Orillia N A 2 .50
*34A070 C Palouse R @ Hooper E B 7 45
41C071 C Frenchman Hills Wasteway @ Gage  E A 7 45
09E090 C Mill Creek - Kenton W Valley Hwy N A 2 45
09G071 C  Springbrook Cr. @ N. end Longac:es ‘N A 2 43 -
*01P070 C  Sumas R nr Huntingdon BC N A 2 39
*37A090 C Yakima R @ Kiona .. A 1 37
*41A070 C Crab Cr nr Beverly 'E B 7 34
*32A070 C Walla Walla R nr Touchet E A 7 34
Turbidity U o
*34A070 C Palouse R @ Hooper E B 1 46
*56A070 C Hangman Cr @ Mouth E AT 40
*32B070 C Touchet R @ Touchet - E A 7 28
41A110 H Crab Cr nr Moses Lake E B 7 25
*34B110 C  SF Palouse R @ Pullman E A 7 25
26D070 C Toutle R nr Castle Rock s A 2 25
10A110 C Puyallup R @ Orting s A 2 25
10A070 C Puyallup R @ Meridian St S A 2 25
09G071 C Springbrook Cr. @ N. end Longacres = N A 2 22
09E070 C  Mill Creek @ Orillia N A 2 22

et U AR« e e
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Table 3, Continued.

Station

Number Current

- Station Name .

Ecology
Region |

Class

Region WQI

Suspended Solids

*34A070
39A041
*32B070
*32A070

*41LAQ70

35B060
56A070
41C071
*26D070

21D070 |

Palouse R @ Hooper

Yakima River below Roza Dam
Touchet R @ Touchet '
Walla Walla R nr Touchet
Crab Cr nr Beverly

Tucannon R @ Powers
Hangman Cr @ Mouth

Frenchman Hills Wasteway @ Gage

Toutle R nr Castle Rock

NF Quinault R @ Amanda, (USGS) |

0% T A A )

;§W>>>m§>y@

59

43
43
43
40
28
26
25
25

25

Ammonia Tgx:lclty

56A070
54A120
34B110
34A070
41C071
41A101
41B071
(09EQ70

T'.’ZE'OO‘OGQOOO

Hangman Cr @ Mouth

Spokane R @ Riverside State Pk
SF Palouse R @ Pullman

Palouse R @ Hooper

Frenchman Hills Wasteway @ Gage
Cizb Creek @ McMannon Road

Winchester Wasteway @ Gage .

Mill Creek @ Orillia

Pend Qreille R @ Border (USGS)

b 20t b b b e

> W W

00 1D nJ =J ~J =] ~1 09 <]

26

24
23
23
22

21

2
21

62A080

Overall
*34B110
09E070
09E090
09G071
*34A070
*41A070
*PSS008
*PSS015
32A070

sEoloNoYoNoRo oo o)

SF Palousé R @ Pullman

Mill Creek @ Orillia _
Mill Creek - Kent on W Valley Hwy

Spnngbrook Cr. @ N. end Longacres .

Palouse R @ Hooper

Crab Cr nr Beverly

Pt Gardner Bay at Pier 3
Snohomish R at Highway 99 Brdg
Walla Walla R nr Touchet

Port Susan at Kayak Point

;ZWZmeZZZm

}>>>www}#%>f 
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100

93

o1
2

62

5
49
47
46

SUZ001
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CHRISTINE ©O. GREGOIRE
Darector

STATE OF WASHINGTON
DEPARTMENT OF ECOLOGY

7171 Cleanwater Lane, Building 8 LH-14 e Olympia. Washington 98504

TO: Dick Cunningham

FROM: - David: HalloeREg\

January 18, 1991

SUBJIECT: 1990 Water Quality Index Analysis

Table 3 in my memo to Dick Cunningham dated July 18, 1990, (Results of the 1990 Water
Quality Index Analysis) incorrectly states that no station had an ammonia toxicity value over
20. In fact, nine stations had ammonia toxicity scores greater than 20. A revised Table 3 is

attached.

DH:blt
Attachment

cc:  Lynn Singleton
Brad Hopkins
Joe Joy
Steve Saunders

Bob Barwin, CRO
Carl Nuechterlien, ERO
Bill Bachous, SWRO

Tohn Glynn, NWRO

o 4

LR R

wap g e



Table 3. The ten stations receiving the highest Water Quality Index
(indicating low water quality) for each category.

Station Ecology Eco-
Number Current  Station Name Region Class Region WQI
Temperature
*32A070 C Walla Walla R nr Touchet E A 7 45
*32B070 C Touchet R @ Touchet E A 7 42
*37A000 C Yakima R @ Kiona C A 7 38
41B071 C Winchester Wasteway @ Gage E A 7 37
41A070 C Crab Cr nr Beverly E B 7 34
33A050 C Snake R @ Burbank E A 7 32
41A101 C Crab Creek @ McMannon Road E B 7 31
*57A190 C Spokane R nr Post Falls E A 7 31
*56A070 C Hangman Cr @ Mouth E A 7 31
*49A190 C Okanogan R @ Oroville c A 7 31
Oxygen
09E070 C Mill Creek @ Orillia N A 2 86
09G071 C Springbrook Cr. @ N. end Longacres N A 2 70
*HCB004 C Hood Canal at Sisters Point S AA A 64
09E090 C Mill Creek - Kent on W Valley Hwy N A 2 61
PSS008 C Pt Gardner Bay at Pier 3 N B A 54
*HCB003 C Hood Canal at Eldon S AA B - 54
*HCB002 C Hood Canal at Pulali Point N AA A 54
SUZ001 C Port Susan at Kayak Point N A A 46
PSS015 C  Snohomish R at Highway 99 Brdg N A A 46
PSS020 C  Ebey Slough near Marysville N A A 43
pH ' '
PSS015 C Snohomish R at Highway 99 Brdg N A A 34
PSS020 C  Ebey Slough near Marysville N A A 31
*32B070 C Touchet R @ Touchet E A 7 29
*32A070 C Walla Walla R nr Touchet E A 7 29
*56A070 C Hangman Cr @ Mouth E A 7 27
45A070 C Wenatchee R @ Wenaichee C A 7 27
*34A070 C Palouse R @ Hooper E B 7 26
41A070 C Crab Cr nr Beverly E B 7 25
49A190 C Okanogan R @ Oroville C A 7 24
08B110 C Sammamish R @ Redmond N AA 2 23

* TIndicates stations that were in the top ten in the same category in the 1988 WQL
Ecoregion is based on Omernik and Gallant (1986).
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Table 3. Continued.

Station | Ecology  Eco-
Number Current  Station Name Region Class Region WQI
Bacteria
+34B110 C SF Palouse R @ Pullman E A 7 76
09E090 C  Mill Creek - Kent on W Valley Hwy N A 2 60
24B130 C Willapa R @ Lebam S A 1 59
*GYS006 H Grays Hbr at E End Rennie Is. S B A 57
09E070 C Mill Creek @ Orillia N A 2 55
01D070 C Sumas R nr Huntingdon BC N A 2 50
08B070 C Sammamish R @ Bothell N AA 2 46
*PSS008 * C Pt Gardner Bay at Pier 3 N B A 42
09A060 C Duwamish R @ Allentown Br N B 2 37
*ELB010 C Duwamish Waterway @ 16th St Br N B A 35
Nutrients _
*34B110 C SF Palouse R @ Pullman E A 7 100
09E070 C Mill Creek @ Orillia N A 2 50
*34A070 C Palouse R @ Hooper E B 7 45
41C071 C Frenchman Hills Wasteway @ Gage E A 7 45
09E090 C  Mill Creek - Kent on W Valley Hwy N A 2 45
09G071 C Springbrook Cr. @ N. end Longacres N A 2 43
*31D070 C  Sumas R nr Huntingdon BC N A 2 39
*37A090 C Yakima R @ Kiona C A 7 37
*41A070 C Crab Cr nr Beverly E B 7 34
*32A070 C Walla Walla R nr Touchet E A 7 34
Turbidity T - -
*34A070 C Palouse R @ Hooper E B 7 46
*56A070 C Hangman Cr @ Mouth E A 7 40
*39B070 C Touchet R @ Touchet E A 7 28
41A110 H Crab Cr nr Moses Lake E B 7 25
*34B110 C SF Palouse R @ Pullman E A 7 25
26D070 C Toutle R nr Castle Rock N A 2 25
10A110 C Puyallup R @ Orting S A 2 25
10A070 C Puyallup R @ Meridian St S A 2 25
09G071 C Springbrook Cr. @ N. end Longacres N A 2 22
09E070 C  Mill Creek @ Orillia N A 2 22
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Table 3. Continued.

Ecology

~ Station Eco-
Number Current  Station Name _ Region Class Region WQI
Suspended Solids
*34A070 C Palouse R @ Hooper E B 7 59
39A041 H Yakima River below Roza Dam C A 7 43
*32B070 C Touchet R @ Touchet E A 7 43
*32A070 C Walla Walla R nr Touchet - E A 7 43
*41A070 C Crab Cr nr Beverly E B 7 40
35B060 C Tucannon R @ Powers E A 7 28
56A070 C Hangman Cr @ Mouth E A 7 26
41€071 C Frenchman Hills Wasteway @ Gage E A 7 25
*26D070 C Toutle R nr Castle Rock S A 2 25
21D070 H NF Quinanit R @ Amanda (USGS) S AA 1 25
Ammonia Toxicity
56A070 C Hangman Cr @ Mouth E A 7 26
54A120 C Spokane R @ Riverside State Pk E A 8 24
34B110 C SF Palouse R @ Pullman E A 7 23
34A070 C Palouse R @ Hooper E B 7 23
41C071 C Frenchman Hills Wasteway @ Gage E A 7 22
4]1A101 C Crab Creek @ McMannon Road E B 7 21
41B071 C Winchester Wasteway @ Gage E A 7 21
09E070 C  Mill Creek @ Orillia N A 2 21
62A080 H Pend Oreille R @ Border (USGS) E A 8 21
Overall
*34B110 C SF Palouse R @ Pullman E A 7 100
09E070 C Mill Creek @ Orillia N A 2 93
0SE090 C Mill Creek - Kent on W Valley Hwy N A 2 91
09G071 C Springbrook Cr. @ N. end Longacres N A 2 70
*34A070 C Palouse R @ Hooper E B 7 62
*4]A070 C Crab Cr nr Beverly E B 7 61
*pSS008 C Pt Gardner Bay at Pier 3 N B A 53
*p§S015 C  Snohomish R at Highway 99 Brdg - N A A 49
32A070 C Walla Walla R nr Touchet E A 7 47
SUZ001 C Port Susan at Kayak Point N A A 46
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